The objective of this study was to evaluate the effect of conventional tillage with straw removed (T), no tillage with straw removed (NT), no tillage with straw retained on the soil surface (NTS) and conventional tillage with straw incorporated (TS) on soil moisture, root growth and straw yield under rain-fed conditions. Findings of this research show that NTS and to a lesser extent, TS decreased soil bulk density in the 0-10 cm soil depth by approximately 3.35% and 2.75% compared to T and NT in spring wheat and field pea plots respectively. No tillage with straw retained (NTS) had greater soil moisture content (0-30 cm) at jointing, anthesis and milking stages compared with NT and T treatments with average 18.57% and 29.67% increase (P < 0.05) in spring wheat and field pea respectively. Compared with T and NT, root length, root surface area, root diameter and root volume at 0-50 cm soil depth under straw treated soils, especially with no tillage were significantly increased. Root length, surface area and root diameter in the 0-80 cm differed among the treatments in the order of NTS > TS > NT > T at all the sampling stages in both crops. No tillage with straw retention had the greatest straw yield of 4897 kg ha -1 in spring wheat and 2759 kg ha -1 in field pea, representing a significant increase of 20.61% and 22.74% compared to NT and T respectively. These results suggest that NTS could enhance spring wheat and field pea yield and water uptake via stimulating root growth, and therefore a practical way to improve crop productivity.
Introduction
The adoption of conservation agriculture principles as part of a change in management system has been reported to increase crop productivity and water conservation (Huang et al., 2008; Yeboah et al., 2016) . It is claimed that conservation tillage can serve as an important management strategy offering many benefits like increasing organic matter content (Yeboah et al., 2016) and soil moisture (Hobbs, 2008) compared to tilled soils. The increase was attributed to the less physical disturbance that helps to maintain or conserve soil moisture. Tillage activity exposed more soil surface area to the atmosphere, providing a greater evaporative area and, consequently, a greater water loss (Govarts et al., 2007) . Tillage practices with stubble retention and subsequent incorporation into the soil has gained interest amongst farmers in the Western Loess Plateau, which is practiced widely as a measure to mitigate impacts on soil, and for water conservation purposes (Huang et al., 2008) .
Root development and distribution in the soil profile are of great importance for water and nutrient uptake for plants. Soil moisture and nutrient availability affect root growth, which has a significant impact on the spatial distribution of root systems (Smith et al., 2012) . Root mass is significantly greater in wet soil than in dry soil (Verónica et al., 2011) . Some of the practices such as tillage affect root development and function, which by far is the most important component in crop growth (Mosaddeghi et al., 2009) . As with impact of tillage on root distribution, no-tillage causes greater and deeper water accumulation in the soil profile and greater root growth (Lampurlanés et al., 2001) . Root growth in the subsoil can be affected by tillage (Mosaddeghi et al., 2009) , which is the most important role that tillage plays in the soil-plant systems. The continuous use of conventional tillage practices can create hardpans in the subsoil, which can be detrimental to root proliferation below the plough layers (Karunatilake et al., 2000) . Root morphology and spatial distribution are significantly affected by soil properties (Linkohr et al., 2002) . A higher soil bulk density can decrease root length and trigger the formation of lateral roots (Ball Coelho et al., 1998) . Reductions in soil resources and increases in soil bulk density significantly influence root growth and distribution, and reduce soil moisture and nutrient absorption by roots (Carole et al., 2012) . High soil compaction has recently been identified as the main limiting factor for plant root growth and uptake of moisture (Zheng & Yan, 2006) . The spatial distribution of soil moisture and nutrients is affected by soil properties and the spatial distribution of roots (Li, 2008) . Therefore, the coordination of root system distribution, and available soil moisture in the soil profile, are required for optimal plant growth and production (Vanessa et al., 2013) .
Although many studies have been conducted on the effects of conservation tillage systems on soil conditions, root growth and crop yields under various soil and climatic conditions in different countries, little research has focused on the influence of tillage practices on yield, soil moisture and root growth in spring wheat-field pea rotation under rain-fed semi-arid Northwest of China. This study aimed to determine the response of spring wheat and field pea straw yield, root growth (root length, root surface area and root diameter) and soil moisture to tillage practices under rain-fed conditions.
Materials and Methods

Site Description
The field experiments was conducted in 2016 growing seasons under rainfed conditions at the Dingxi Experimental Station (35°28′N, 104°44′E and elevation 1971 m), Gansu Province, northwestern China. The initial 0-200 cm soil layer has a pH of 8.45, soil bulk density was 1.17 g cm , and wilting point and saturated water content was 7.3% and 21.9% respectively. The Long-term annual rainfall at the experimental site averages 391 mm ranging from 246 mm in 1986 to 564 mm in 2003. Annual accumulated temperature > 10 o C is 2239 o C. The site had a long history of continuous cropping using conventional tillage. The crop prior to the experiment commencement in 2001 was flax (Linum usitatissimum L.). Total rainfall recorded during the course of the study was 239 mm.
Experimental Design and Treatment Description
The experiment utilized randomized complete block design, 2 phases, replicated 4 times (blocks). Spring wheat (cv. Dingxi No. 35) and field pea (cv. Yannong) were sown in rotation in both phases represented in each year. Phase 1 started with spring wheat, followed by field pea (referred to Wheat-Pea-Wheat) and phase 2 started with field pea, followed by spring wheat (referred to Pea-Wheat-Pea) sequence. Therefore, there were 48 plots in total. Plots were 4 m wide × 17 m long in block 1, 21 m long in blocks 2 and 3 and 20 m long in block 4. The treatments were, Conventional tillage with straw removed (T): seedbed preparation of this treatment included moldboard ploughing immediately after harvesting the previous crop (July-August), with a second ploughing prior to sowing in spring (March-April), all to a depth of 10-20 cm. Harrowing was carried out prior to sowing in spring, and then sown by no-till seeder. All stubble was removed before cultivation. This represents the typical tillage practice in the Western Loess Plateau; No-till with stubble removed (NT): no cultivation was performed throughout the season in this treatment. The crops were sown with no-till seeder. All the stubble was removed at crop harvest; No-till with straw retained (NTS): no cultivation was performed throughout the season. All the stubble from the previous crop was returned to the original plot on the soil surface without incorporation. Chopped wheat straw was used and the crops were sown with the no-till seeder; Conventional tillage with stubble incorporated (TS): cultivation was the same as treatment for T, however all stubble from the previous crop was returned to the original plot immediately after threshing and then incorporated into the soil with the first cultivation. The crops were sown with the no-till seeder.
Soil Moisture
A 2-m long aluminium access tube was installed in each plot for measurement of soil moisture content. Soil moisture content (cm cm -3 ) was measured using a Trime-Pico IPH (Precise Soil Moisture Measurement, IMKO Micromodultechnik GmbH, Ettlingen, Germany) at jointing, anthesis and milking in 10-30, 30-50, 50-80, 80-110 cm. Trime-Pico measures volumetric soil water content in 10-110 cm depth intervals described above. The soil moisture contents in 0-5 and 5-10 cm were measured gravimetrically. Gravimetric water content (0-5 and 5-10 cm) was multiplied by soil bulk density to obtain the volumetric water content.
Soil Bulk Density
Soil bulk density (BD) was determined using the beveled stainless steel ring method (Carter, 1993) . The measurement was conducted in 0-5, 5-10 and 10-30 cm soil layers.
Root Sampling
Roots were sampled at jointing, anthesis and milking stages by taking soil cores at 0-10, 10-30 and 30-50 and 50-80 cm depending on stage and crop. Each treatment was sampled by collecting soil cores with a hand-held auger (8 cm diameter) at three separate locations avoiding wheel traffic: (i) within the row, (ii) between the rows, and (iii) in an intermediate position, i.e., with one edge of the core touching the row. Three locations were chosen because it was reported that the root distribution in the row was different from that in the mid-row (Rubino and Franchi, 1990) . Following sampling, soil cores from the same depth in each plot were pooled to form one composite sample, and the roots were washed within half hour by swirling water through nylon netting (400 holes cm -2 ) from the soil. Debris and other extraneous materials were removed from the root samples using tweezers. Root image from each core was obtained using a scanner (Epson V700, Indonesia). The images were analyzed using the software WinRHIZO version 5.0 (Regent Instruments Inc., Quebec City, Canada).
Straw Yield (kg ha -1 )
At maturity spring wheat and field pea were harvested manually using sickles to cut plants at 5 cm above ground level. The edges (0.5 m) of the plot were trimmed and discarded. The above ground straw yield were determined on dry weight basis by oven-drying at 105 o C for 45 min and then dried to constant weight at 85 o C.
Statistical Analyses
Data were analyzed using Statistical Package for the Social Sciences (SPSS software, 22.0, USA). Differences among treatment means were compared using Least Significant Difference (LSD). Significances were declared at the probability level of 0.05.
Results
Soil Moisture
Soil moisture content (cm cm -3
) measured at jointing, anthesis and milking stages increased with increasing soil depth regardless of treatments (Figure 1 ). Significant differences (P < 0.05) in soil moisture were only observed in some depth intervals, as shown in Figure 1 . There was significantly higher soil moisture contents in the no tillage with straw retention (NTS) compared with conventional tillage with straw removed (T) and to a lesser extent no tillage with straw removed (NT) treatment, particularly in the 0-30 cm depth interval. These observations were fairly consistent for both crops. Significant differences (P < 0.05) in soil moisture content were larger in 0-30 cm depth interval. In the upper 30 cm soil depth, NTS obtained the highest soil moisture content of 14.55 cm cm -3 , or 26.07% and 15.60% compared to T (11.54 cm cm -3 ) and NT (12.59 cm cm -3 ) at jointing in spring wheat. Also, at anthesis in spring wheat, soil moisture content in the 0-30 cm was higher in NTS (11.47 cm cm -3 ), followed by NT (10.52 cm cm -3
) and TS (10.14 cm cm -3 ) and the least in T (9.21 cm cm -3 ). Similarly at milking, soil moisture content in the spring wheat plots were higher in NTS (11.25 cm cm -3 ), followed by TS (10.56 cm cm -3 ) and NT (8.99 cm cm -3 ) and the least in T (7.60 cm cm -3
). A similar trend of soil moisture content was observed in field pea plots, where NTS consistently recorded the highest soil moisture content. The result was clear that, the soil moisture content was higher on straw amended plots and the moisture content generally decreased with increasing plant growth. Moreover, the treatment effects on soil moisture in the 30 to 110 cm soil depths followed a similar trend as those in the 0 to 30 cm. ) th he soil bulk de pea plots, signi ity of 1.15 g cm r soil layers (10 on to decrease soils in both cr content at the whea T; (■) NT; (▲) nce (P < 0.05).
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Root Morphological Characteristics
Root Length
Application of no tillage with straw retention (NTS) practices had significant effect on root morphology, especially at the 0-10 and 10-30 cm depth intervals (Figure 2 ). Significant differences (P < 0.05) in root length were only observed in some depth intervals, as shown in Figure 2 . The root length was highest in the 0-10 cm at jointing and 10-30 cm at anthesis and milking both crops. In spring wheat plots, the total root length in 0-50 cm soil under NTS treatment increased by 35.01% and 35.76% (jointing), 23.79% and 53.87% (anthesis), and 20.55% and 64.29% (milking) compared to NT and T plots. Similarly, values in field pea plots were, respectively, 10.69% and 19.67% compared to NT and T soils in the 0-30 cm. Conventional tillage with straw incorporated (TS) also had higher root length relative to T soils, but differences were not always significant at P < 0.05. The root length in the 50-80 cm in spring wheat was greater in NTS (939.42 cm; 517.24 cm) at anthesis and milking respectively. This represented an increase of 88.20% and 69.14% at anthesis and 79.83% and 48.77% at milking versus NT and T treatments respectively. face area was r wheat and field 3). There were Root surface ar 0-50 cm soil l a and this was was higher un to T (139.53, compared to t th straw incor P < 0.05. . Mean values (P < 0.05) is in es in root volum he greatest roo 5). This was f field pea plot (1.78 cm 3 ) and 7 cm 3 ), follow was observed 3 ), followed by ience ng in spring wh ± SE (n = 3), ndicated with a me, which we t volume at jo followed by N ts, the greatest d NT (1. 
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Discussion
Root growth and development are critical for crops consumptive use of water and subsequent yield under water-limited conditions (Fageria, 2004; Bengough et al., 2011) . Many previous studies have reported that the spatial distribution of roots is significantly influenced by soil tillage (e.g., Mosaddeghi et al., 2009) . The findings of this study showed that no tillage with straw retention significantly decreased soil bulk density and boosted soil moisture content compared to conventional tillage with straw removed and no tillage with straw removed at the top soil depth (0-30 cm), and significantly affected the root length, root surface area, root diameter and root volume through the 0-50 cm soil profile. Many studies have demonstrated that excessive soil tillage increases soil bulk density (Fabrizzi et al., 2005; Yeboah et al., 2016) , and reduces soil moisture (He et al., 2009; Yeboah et al., 2017) . Long-term no tillage treatments has been reported to decreased soil bulk density in the surface layer (Yeboah et al., 2016) and that explained it as a direct consequence to the mulch layer on top of NT soils that provide soil organic matter. The increased soil moisture content under no-till and tillage treatments with straw application could be related to the straw mulch effect on the soil surface. The result was in agreement with Hobbs (2008) , who found that no tillage with residue retention generally had higher surface soil water contents compared to tilled soils. This pattern indicates that tillage systems that involve less physical disturbance help to maintain or conserve soil moisture. The tillage activity exposed more soil surface area to the atmosphere, providing a greater evaporative area and, consequently, a greater water loss.
The increased in root morphological characteristics (root length, root surface area, root diameter and root volume) under straw amended soils, particularly in no tillage system up to 50 cm soil depth could largely be attributed to the decreased soil bulk density and the enhanced soil moisture, which promotes root proliferation during the growing season. At almost every growth stage, the root morphological characteristics in the top 50 cm soil depth under no tillage with straw retention was significantly greater than that under the no-tillage and conventional tillage with straw removed treatment. Other researchers have found root to be greater in the upper soil layer under no tillage system due to greater availability of water and nutrients (Muñoz-Romero et al., 2010) . The root growth patterns under straw removal treatments were similar because of their similar soil conditions. Root length and root surface area are important parameters for characterizing root systems (Doussan et al., 2006) .
The improved soil moisture content and root growth as a result of straw application increased straw yield in the no tillage (NTS) and at a lesser extent in the conventional tillage (TS) treatment. There was a direct and significant relation between the soil quality status and the crop yield, and no tillage with crop residue retention showed the highest crop yields as well as the highest soil quality status (Yeboah et al., 2016) . Previous researches have shown that conservation tillage can improve crop yields (Huang et al., 2008 (Huang et al., , 2012 Yeboah et al., 2016) . Differences in yield were mainly ascribed to increases in soil water content and rooting system, and reduction in soil bulk density. The integrated of these factors might have caused the higher straw yield observed in NTS and to a lesser extent the TS treatment. A possible explanation was that these treatments promotes wheat growth by storing sufficient water for plant use and providing lower bulk density soil for roots to penetrate and reach the deeper soil water. In the Mexican highlands, improved high-yielding wheat varieties yielded double under conservation agriculture compared to the farmer practice or zero tillage with residue removal, all with the same fertilizer inputs (Govaerts et al., 2007) . Deeper and longer roots, and higher root surface area, diameter and volume, led to a greater uptake of deep soil moisture by the root system lower in the soil profile. Consequently, the improved root system led to greater straw yield from NTS, compared to NT and T.
Conclusion
Finding of this research indicate that tillage practices such as no tillage with straw retained (NTS) and to a lesser extent conventional tillage with straw incorporated (TS) significantly enhanced soil moisture content and root growth, and decrease soil bulk density which led to greater straw yield. The tillage practices influenced soil bulk density and soil moisture, especially in the top plough layer (0-10 cm), where NTS and TS decreased soil bulk density as well as increase soil moisture content. Thus, greater root length, root surface area, root diameter and root volume were observed under the straw amended plots, especially with no tillage as compared to NT and T across the entire soil profile (0-80 cm) at jointing, anthesis and milking stage. These results indicate that no tillage with straw retention can be a feasible tillage practice for spring wheat and field pea production to alleviating food security issues currently experienced in the environment-damaged and water-shortage areas.
